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Abstract
We show that N = 8 supergravity may possess an even larger symmetry than previously
believed. Such an enhanced symmetry is needed to explain why this theory of gravity
exhibits ultraviolet behavior reminiscent of the finite N = 4 Yang-Mills theory. We describe
a series of three steps that leads us to this result.
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Quantum Field Theory describes three of the four fundamental forces in Nature with great
precision. However, when attempts have been made to use it to describe the force of
gravity, the resulting field theories, are without exception, ultraviolet divergent and non-
renormalizable. One striking aspect of supersymmetry is that it greatly reduces the diver-
gent nature of quantum field theories. Accordingly, supergravity theories have less severe
ultraviolet divergences.
Maximal supergravity in four dimensions, N = 8 supergravity [1], has the best ultraviolet
properties of any field theory of gravity with two derivative couplings. Much of this can
be traced back to its three symmetries: Poincare´ symmetry, maximal supersymmetry and
an exceptional E7(7) symmetry. In the 1980s, arguments based on power-counting clearly
predicted three-loop divergences in this theory. However, explicit four-graviton scattering
amplitude computations prove that this theory is ultraviolet finite up to four-loop order [2].
The enhanced cancelations in these calculations render the ultraviolet behavior of N = 8
supergravity very similar to that of N = 4 superYang-Mills theory [3]. This is a puzzling
result given that the N = 4 theory is ultraviolet finite [4] and conformally-invariant to boot.
Supersymmetry, by itself, cannot explain these magical ultraviolet properties in N = 8
supergravity4. The onus is therefore placed on the exceptional symmetry in the theory.
N = 8 supergravity exhibits a non-linear E7(7) symmetry which is insufficient to account
for all the improved properties. Thus our primary motivation is to ask:
Is there a hidden or enhanced symmetry in N = 8 supergravity that explains its improved
ultraviolet behavior and that ultimately proves responsible if this theory is finite to all orders
in perturbation theory.
In this article, we describe how a series of three concrete steps leads us to uncover such an
enhanced symmetry in N = 8 supergravity. We begin by noting that this theory is one in a
series of maximal supergravity theories. These theories, in different spacetime dimensions,
are descendants of the eleven-dimensional N = 1 supergravity.
(N = 1, d = 11) supergravityy
(N = 8, d = 5) supergravity → E6(6)
(N = 8, d = 4) supergravity → E7(7)
(N = 16, d = 3) supergravity → E8(8)
↓
(N = 32, d = 1) supergravity → E10/E11
Recent studies suggest that these symmetries extend further to infinite-dimensional
groups [5] and could perhaps answer questions regarding the origins of space itself.
4An intriguing possibility is that some of this improved behavior stems from pure gravity itself.
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Importantly, these dimensionally reduced supersymmetric theories retain considerable in-
formation regarding their higher dimensional parent. We used this recently [6], to prove
that “oxidizing” the action of N = 8 supergravity to eleven dimensions, allows us to see
signs of the E7(7) symmetry in (N = 1, d = 11) supergravity.
This is the key idea: realize a larger symmetry in the parent theory which was originally
present only in the lower dimensional one. In particular, we demonstrate how the E7(7)
symmetry in (N = 8, d = 4) supergravity may be enhanced to an E8(8) symmetry also in
four dimensions. We will achieve this by first dimensionally reducing our theory to three
dimensions and relating it by a field redefinition to the E8(8)-invariant (N = 16, d = 3)
supergravity. We will then “oxidize” this theory to four dimensions in a careful manner,
preserving the E8(8) symmetry that was picked up in d = 3.
Here is a schematic of our plan of action.
N = 8, d=4
with E7(7)
N = 8, d=4
with E8(8)
N = 16, d=3
(manifest) E8(8) ✗
cubic vertex ✓
Version 1
N = 16, d=3
(manifest) E8(8) ✓
cubic vertex ✗
Version 2
field redefinition
We work with light-cone coordinates, choosing x+ = 1√
2
(x0 + x3) to be our time direction.
Light-cone gauge is used for all fields (for example, we set A+ = 0 for all vector fields) and
the resulting constraints serve to eliminate unphysical degrees of freedom.
N = 8 supergravity
The N = 8 supergravity multiplet is comprised of one graviton, eight gravitinos, twenty-
eight vectors, fifty-six spin one-half fermions and seventy real scalars. In light-cone
superspace, spanned by eight Grassmann variables θm and their complex conjugates
θ¯m (m = 1, . . . , 8), these 256 physical degrees of freedom can be captured in one constrained
chiral superfield [7]
φ ( y ) =
1
∂+2
h (y) + i θm
1
∂+2
ψ¯m (y) +
i
2
θm θn
1
∂+
A¯mn (y) ,
+ . . . +
1
7!
(θ)7 ∂+ ψu (y) +
4
8!
(θ)8 ∂+
2
h¯ (y) ,
(1)
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In terms of this superfield, the action for N = 8 supergravity reads
S ∼
∫
d4x d8θ d8θ¯
{
−φ¯
✷
∂+4
φ
+
4
3
κ
( 1
∂+4
φ¯ ∂¯2φ ∂+
2
φ−
1
∂+4
φ¯ ∂+∂¯φ ∂+∂¯φ
)
+ c.c.
}
(2)
where higher order terms in κ are not shown. In this formalism, the E7(7) symmetry, which
is a duality symmetry of the vector fields and a non-linear σ-model symmetry of the scalar
fields in the covariant formalism, transforms all the physical fields in the supermultiplet.The
70 non-linear E7(7)/SU(8) coset transformations in light-cone superspace are given by
δφ = −
2
κ
θklmn Ξklmn + O(κ) + · · ·
where the order κ terms are known [8] and Ξklmn are transformation parameters. These
coset transformations along with the linear SU(8) transformations constitute the entire
E7(7) algebra. The supermultiplet is therefore a representation of both the superPoincare´
algebra and the E7(7), leading us to question which is more basic [6].
Dimensional reduction to d = 3
We begin by implementing the first arrow in the schematic. For this, we simply eliminate
one of the spatial directions by setting ∂¯ = ∂ in (2). The resulting Lagrangian, in d = 3
(referred to as Version 1 in the picture below), has cubic interaction terms and does not
yet exhibit the E8(8) symmetry, normally associated with maximal supergravity in d = 3.
N = 8, d = 4
with E7(7)
N = 8, d = 4
with E8(8)
N = 16, d = 3
(manifest) E8(8) ✗
cubic vertex ✓
Version 1
N = 16, d = 3
(manifest) E8(8) ✓
cubic vertex ✗
Version 2
field redefinition
An aside: E8(8) invariant N = 16, d = 3 supergravity
As a brief interlude, we discuss another d = 3 theory that we refer to as Version 2. After
the discovery of the E7(7) symmetry in N = 8 supergravity in four dimensions, it was
conjectured that there should exist a maximal supergravity theory in three dimensions
with an E8(8) symmetry. Such a theory with 128 scalars and 128 spin one-half fermions
was later constructed [9] accompanied by the important observation that its Lagrangian
3
cannot involve interaction vertices of odd order (cubic, quintic and so on) – since the 128
bosons and 128 fermions transform as two inequivalent spinor representations of the SO(16)
R-symmetry group.
The Lagrangian for this SO(16)- and E8(8)- invariant theory in d = 3 reads [10]
L ∼ − φ¯
✷
∂+4
φ + O(κ2) .
with the E8(8) symmetry being related to the embedding
E8(8) ⊃ SO(16) , 248 = 120+ 128 .
The point here is that the E8(8) symmetry is not compatible with cubic interaction vertices.
Relating the two versions of d = 3 supergravity
We are now ready to proceed to the next arrow in our schematic.
N = 8, d = 4
with E7(7)
N = 8, d = 4
with E8(8)
N = 16, d = 3
(manifest) E8(8) ✗
cubic vertex ✓
Version 1
N = 16, d = 3
(manifest) E8(8) ✓
cubic vertex ✗
Version 2
field redefinition
To relate the theory obtained by dimensional reduction of (N = 8, d = 4) supergravity
(Version 1) to the E8(8)- invariant theory (Version 2), cubic interaction terms must be
eliminated from the former. This is achieved by the following field redefinition [11]
φ→ φ = φ′ +
1
3
κ (∂+φ′ ∂+φ′) +
2
3
κ ∂+
4
(
1
∂+3
φ′ ∂+φ¯′
)
, (3)
proving that the two versions are equivalent and exhibit an E8(8) symmetry.
Oxidation to d = 4
Finally we implement the last arrow in our schematic (figure on next page). This involves
starting with the d = 3, E8(8)- invariant theory and carefully oxidizing [12] it back to four
dimensions. A new spatial derivative is introduced and the oxidation process respects both
the SO(16) and E8(8) symmetries. The exact dependence on the derivative is fixed by
requiring that the resulting four-dimensional action be superPoincare`-invariant [11].
4
N = 8, d = 4
with E7(7)
N = 8, d = 4
with E8(8)
N = 16, d = 3
(manifest) E8(8) ✗
cubic vertex ✓
Version 1
N = 16, d = 3
(manifest) E8(8) ✓
cubic vertex ✗
Version 2
field redefinition
This is our result: an action for maximal supergravity in four dimensions with the same
field content as N = 8 supergravity, but with manifest E8(8) symmetry, at least upto second
order in the coupling constant. Since maximal supergravity theories are unique, the two
versions of (N = 8, d = 4) supergravity in the schematic must themselves be related by a
field redefinition.
This “new” E8(8) symmetry, in four dimensions, is very likely to be behind many of the
unexpected cancellations that are encountered. Note that in order to argue that the Hamil-
tonian is E8(8)- invariant, we treat states as 128-dimensional spinors. These are not the
four-dimensional states of (N = 8, d = 4) supergravity. In order to argue that this sym-
metry is present in scattering amplitudes, in four dimensions, we must add up amplitudes
such that the external states span the full 128-dimensional spinors. However, we can invoke
supersymmetry which linearly relates the individual scattering amplitudes.
The obvious next step in this program is to incorporate this enhanced exceptional symme-
try into the well established finiteness-analysis framework that exists for light-cone super-
space [4, 13, 14]. Then we will be a step away from making an all-order statement regarding
the finiteness of N = 8 supergravity, ending decades of speculation.
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